The feasibility of using bufferstrips for improving the notched strength and crack arrest capability with several combinations of main panel and buffer strip materials is investigated. The results show that a proper selection of main panel and buffer strip material ensures crack arrest and improved notch strength.
Introduction
One of the major difficulties in designing an advanced composite structure, such as an aircraft, and to comply with current safety regulations, is meeting the damage tolerance (fail-safe) requirements. One method of constructing a damage-tolerant composite laminate is to use buffer strips as a crack arrest mechanism [1, 2] . The intent of the present work is to study several combinations of the main panel and buffer strip materials to achieve crack arrest and to improve notched strength in composite laminates. The fibers and the matrix are assumed to be linearly elastic and failure criterion is simple tension failure of the fibers. The classical shear-lag model in which the fibers are assumed to carryall the axial load [1] is used to represent the stress displacement relations. The governing equation is solved using eigen value technique [3] . The results show that for certain material combinations in the main panel and the buffer strip, these could be achieved. Formulation   Fig, I shows one-half of the laminate considered for the analysis. It consists of two buffer strip regions surrounded by the main panel. The total number of fibers in the half panel is N and the number of broken fibers considered in the half panel is P. With the shear-lag assumption the equilibrium equations in the longitudinal direction are given by [1] (1) where A f is the fiber cross-sectional area, En is the modulus of elasticity of fiber n, h is the shear transfer distance, GM is the equivalent matrix shear modulus, v n is the axial displacement of the fiber n. t is the laminate thickness and OnN is the Kronecker delta (OnN = 1 if n=N and OnN = 0 if ñ N). Equation (I) is a set of N second order linear differential-difference equations which in matrix notation is, (2) where V= (v I , v2" , ., v N ) T and TN is the (NxN) shear transfer matrix whose elements are the coefficients of Vi in Equation (I). The solution to Equation (2) satisfying the remote boundary conditions is given by
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where AI for j=1 to N are the N eigen values of TN, ej is the eigen vector associated with AI and eji is the ilh element of eigen vector ej-Now, there are N unknowns c 1 to CN and these can be obtained satisfying the traction free condition on the crack faces and symmetry condition along the crack plane. With this, the complete stress state and the displacements are known.
Results and Discussion
Some typical results are presented in this section for a buffer strip laminate containing a notch with possible candidate materials, for parametric study, shown in Table I . For the analysis, buffer strip width is taken to be one-third the width of the main panel. The possible critical fibers for this configuration are: the fiber ahead of the notch (A), the first fiber in the buffer strip (BIF) and first fiber in the main panel (DIH). Since both the stiffness and strength of the buffer strip material affect the failure of the critical fiber of the laminate, a normalized failure strain is defined as, E=(EBsJ'EREF)xlOO where EBS is the remote strain required to break the critical fiber of a laminate with buffer strip and EREF is the corresponding strain for a laminate without buffer strip. A value of E=100 indicates that there is no increase in failure strain by using buffer strips. The normalized failure strains for various combinations of main panel and buffer strip fiber materials are shown in Table II . The effectiveness of the buffer strip is indicated by a higher value of normalized failure strain. Buffer strip materials made of material #3 are not at all effective in increasing the notched strength of panels made of any of the remaining materials. Even though material #3 has a higher modulus, the fact that it has the lowest tensile strength makes it very ineffective. On the other hand material #8 when used as buffer strip, enhances the notched strength of a panel made of anyone of the remaining materials. It is interesting to note that this material has moderate stiffness, but highest tensile strength. It can be concluded from Table II that softer and stronger buffer strips are most efficient in increasing the notched strength of laminates with crack in the form of broken fibers.
Next, a typical material combination is presented to demonstrate the crack arrest mechanism. Figs. 2 and 3 show normalized failure strains as a function of number of broken fibers in the notch. It is observed from Fig. 2 that the fibers break progressively till the notch reaches the buffer strip. Now, if initially all the fibers in the main panel are assumed to be broken, then a crack arrest is observed; the fiber ahead of the notch (Fiber B, in Region II) will not break, but the first fiber in . the main panel (Fiber D, in Region III) becomes critical and breaks. Similar phenomenon is observed when the notch tip is at the second buffer strip. However, in Fig. 3 it is seen that the fiber ahead of the crack is always critical and hence crack arrest phenomenon is not observed.
In conclusion, it is observed that by choosing a proper combination of materials for the main panel and buffer strip, crack arrest can be achieved. Also, softer and stronger buffer strips are most efficient in increasing the notched strength of buffer strip laminates. 
